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FOREWORD

The difference between a weapons system's potential and achieved capa-
bilities is in large measure a function of crew performance. To maximize
armor system effectiveness, the U.S. Army is committed to optimally selecting
and training tank crewmembers. Early identification of high-ability crew-
members can lead to improvement in overall tank crew performance and in the
cost effectiveness of training programs. This work focuses on a battery of
Ml gunner performance prediction tests. Findings speak to the relationships
between job sample ability testing and on-the-job gunner performance.

EDGAR M. JOHNSON
Technical Director
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PREDICTING PERFORMANCE OF M1 GUNNERS

EXECUTIVE SUMMARY

Requirement:

This research was designed to evaluate a battery of M1 gunner perform-
ance prediction tests. Specifically, the work sought to (1) determine the
relationship between hands-on job sample tests and computerized counterparts,
(2) ascertain how these relate to Armed Services Vocational Aptitude Bat-
tery-based ability measures, and (3) determine how the tests relate to tank
gunnery measures.

Procedure:

Data were obtained for 123 M1 tank gunners from four battalions. Com-
posite scores were derived for five hands-on predictor tasks: (1) Tank en-
gagement, (2) Snakeboard tracking, (3) Computer panel enter/check data, (4)
Computer tank engagement, and (5) Computer tracking. Data were also obtained
on a motivation inventory, the Armed Forces Qualification Test, and the Pat-

tern Analysis subtest of the Armed Services Vocational Aptitude Battery,
Forms 6/7. Criterion data included supervisor ratings and Table VIII annual
gunnery scores.

Findings:

Results for the target engagement test suggested that this task might be
successfully computerized. Performance on M1 Computer Panel Tests was found
to relate to the Armed Forces Qualification Test. While no relationships for
supervisor ratings and Table VIII day scores and predictor tests were ob-
served, some hands-on measures were seen to correlate with Table VIII night
scores.

Ut.ilization Pf Findings:

- Pending further research on job sample ability tests, a multiple hurdle
approach to 11 gunner selection may be suggested. Selection of crewmembers
may be affected by job sample ability testing for position-specific require-
ments in combination with the on-site commander's evaluation of crewmember
performance. These findings suggest that it may be feasible to develop Unit
Conduct-of-Fire (UCOFT) based tests for use by command personnel to assign
crewmembers to positions within the M1 tank.

v
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PREDICTING PERFORMAINCE OF M1 GUNNERS

OVERVIEW

Potential weapon system capability and achieved capability differ in
large measure as a function of crew performance. To maximize Armor system
effectiveness, the U.S. Army is committed to optimally selecting and training
tank crewmembers. Within the four-man tank crew, specific emphasis has been
placed on identifying soldiers who possess the requisite aptitudes and abili-
ties to become proficient Armor tank commanders (TCs) and gunners. Early
identification of these high-ability soldiers can lead to improvement in
overall tank crew performance and in the cost effectiveness of training pro-
grams.

In Armor table of organization and equipment (TOE) units, the unit com-
mander is responsible for assigning soldiers to fill vacated crew positions.
This command decision is usually based on the soldier's date of rank, career
history, and the commander's professional judgment of the soldier's ability
to function in the new position. This process can, however, result in a
trial-and-error approach to assignment whereby soldiers are removed when they
fail to perform satisfactorily and new soldiers are assigned until an effec-
tive TC or gunner is found. In addition, this approach may exacerbate al-
ready deleteriously high levels of tank crew turbulence in Armor units (Eaton
& Neff, 1978).

To improve the current TC and gunner selection/assignment process, it
would be advantageous to administer, by means of a tank simulator device,
assessment procedures that indicate soldiers' potential for successful per-
formance in given crew positions. This test or battery of tests would pro-
vide unit commanders with objective data to support, but not supplant,
decision-making responsibility. This should decrease position turbulence
within the unit and give commanders irore information on which to base eeci-
sions concerning soldiers recently assigned to their units.

The realization of this goal is contingent on possessing the capability
to measure abilities that have been identified as critical to job success and
then being able to demonstrate the relationship bet'ieen those abilities and
actual job performance. The first step in this process is the analysis of
job requirements for each position under consideration; the second step is
the development of ability measures or tests. The U.S. Army Research Insti-
tute has for several years conducted research in job analysis and the devel-
opment of tests for the prediction of Armor crewmember performance. This
research has involved the development of tests for predicting success in
basic and advanced individual Armor training, as well as in TOE units.

The present effort involves the evaluation of a battery of M1 gunner
performance prediction tests. By virtue of the human factors engineering of
the M1 weapon system, the M1 gunner has more responsibility for fire control
than the gunner on any other U.S. tank system. This increased responsibil-
ity, combined with the knowledge that from the soldiers selected and assigned
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as gunners come the future tank commanders of the Armor force, makes it im-
portant to optimize the selection and assignment of M1 gunners. A brief
review of recent work in the prediction of tank crewmember performance will
serve as background for the current effort. This review will include litera-
ture from both paper-and-pencil testing and job sample testing. Research
concerning intervening variables, such as motivation, that affect soldier
performance will also be reviewed.

Paper-and-Pencil Tests

Initial efforts to evaluate predictors of performance in tank firing,
.~driving, and loading used paper-and-pencil tests because they are the most

cost effective and least time-consuming approach to performance prediction.
Greenstein and Hughes (1977) used Armor trainees and limited their effort to
the use of paper-and-pencil tests in the psychological literature or in use
by the Army at that time. For example, they include Lauer's (1952) tests of
Visual Memory and Attention-to-Detail, as well as the Armed Forces Qualifica-
tion Test (AFQT) and three composites of subtests from the Army Classifica-
tion Battery (ACB): Combat Operations (CO), Field Artillery (FA), and Motor
Maintenance (MM). Correlations were obtained between the paper-and-pencil
tests and loading errors and driving performance. Non 3f the 11 paper-
and-pencil tests in the study predicted tank firing scores.

In addition to seven of the Greenstein and Hughes tests, Eaton (1978)
used Mechanical Abilities and Object Completion tests to predict Table VIII
gunnery scores for a sample of TCs and gunners. No significant correlations
were obtained for TC performance; only the Locations Test approached signifi-
cance for gunner performance (r = -.30, P < .10). Eaton, Bessemer, and
Kristiansen (1979) identified six gunnery predictors and seven driving pre-
dictors from the Armed Services Vocational Aptitude Battery (ASVAB) subtests
and several specialized paper-and-pencil tests. These tests initially corre-
lated with gunnery and driving criterion measures, but the relationships
failed to replicate their findings with either a second sample of trainees or
a sample of TCs and gunners.

In a study commonly referred to as the Gideon report, Wallace (1982)
presented the results of the 1982 European Canadian Cup trophy competition.
He correlated the AFQT scores of tank commanders on the American team with
their crew's live-fire gunnery scores and obtained a coefficient of .739 (P
< .01, N = 13). This correlation has prompted considerable interest in the
existence and strength of relationships between the mental abilities of TCs
and successful tank crew performance.

In general, paper-and-pencil tests have resulted in few significant
correlations with gunnery scores for either trainees or TOE unit personnel.
Paper-and-pencil tests are limited because they tap only perceptual and/or
cognitive aptitudes, not the additional perceptual-motor or psychomotor com-
ponents of gunnery. The utility of these tests can be assessed only if, or
when, gunnery tasks become more cognitively weighted. Wallace's findings may
be an example that falls into this category. The trophy competition scoring

2
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procedures and range setup may have placed greater emphasis on deciding where
and when to fire than on the "how-to" of firing, thus imposing higher cogni-
tive requirements than psychomotor ones.

Job Sample Tests

Recent research efforts have centered on an alternative to paper-and-
pencil tests, a technique referred to as job sample testing. This approach
consists of hands-on tests built to assess particularly critical aspects of
the gunner's and tank commander's jobs. Eaton, Johnson, and Black (1980)
used three groups of Armor trainees to test the predictive validity of a
battery of gunnery-oriented job sample tests. One c,'oup of soldiers was
tested prior to training, one at the 10th week of training, and one at the
end of training. Tests were validated against end-of-training live-fire
exercises. Results indicate that performance on job sample tests admini-
stered before or during training (10th week) failed to relate to live-fire
performance. However, when tests were administered at the end of training in
conjunction with live-fire exercises, significant correlations were obtained.
Thus, job sample tests, or at least this set of tests, may have tapped some
learned elements in addition to the underlying psychomotor aptitude.

Campbell and Black (1982) administered both the ASVAB and a battery of
gunnery-oriented job sample tests, similar to the Eaton et al. (1979) tests,
to two companies of M1 trainees before training. Results indicate that the
best and most reliable predictor of performance in M1 training was Combat
Operations (CO), the ASVAB aptitude area score currently designated as the
selector for Armor. However, six job sample tests (two based on the I41 com-
puter panel and four psychomotor measures) did improve upon ASVAB and bio-
graphical predictors, some by as much as 15%. Neither job sampled nor
biographical measures alone correlated higher than CO with the criteria. The
authors point to difficulties in obtaining valid and reliable measures of
"success in training" as one possible reason for the low correlations.

Biers and Sauer (1982) documented the development of equipment-oriented
job sample tests for M1 gunners and TCs and attempted to validate them
against self-reported Table VIII performance history. They noted that ordi-
nary least squares (OLS) combinations of job sample tests fcr TCs and other
test combinations for gunners did account for significant portions of the
Table VIII variance. Black (in preparation) reports the validation of these
same job sample tests against criterion measures collected on these TCs and
gunners 6 months after the original predictor testing. These data demon-
strate promising relationships for the job sample tests in relation to
success in M1 transition training and live-fire gunnery. However, interpre-
tation of these results is qualified by sample ,ize limitations; for example,
only 33 TCs and 55 gunners were available for the evaluation.

The results of meta-analysis on 15 data sets available from previously
published research on predicting tank crewmember performance indicate that
job sample tests were, across studies, better predictors of performance by
job incumbents than were paper-and-pencil tects (Black & Campbell, 1982).
Drawbacks to job sample testing do exist; they are very similar to those
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identified in the psychomotor testing programs of the 1940s and 1950s: cost,
increased administration time, and equipment unreliability (Melton, 1947).
However, the advent of microprocessors and the increasing availability of
high fidelity simulators may remove or reduce several of the major concerns
in the use of job sample tests, specifically, the requirement for special
equipment, the need for continuous calibration, and the difficulties involved
in unit-collocated testing facilities. Job sample tests developed for incor-
poration into on-line or forthcoming unit-located simulators may improve the
cost effectiveness of testing, reduce testing time requirements, and elimi-
nate the need for special equipment apart from the. simulator itself.

Additional Variables

As many of the technological problems associated with job sample testing
are overcome, the researcher must attend to other variable relevant to the
predictor-criterion relationship. Two variables that previous research has
shown to be important to gunner performance are prior Armor experience and
soldier motivation (Eaton & Neff, 1978; Eaton, 1978).

Certain demographic variables have been found to correlate with gunnery
scores across numerous studier for the past few years. These findings char-
acterize the successful tank crew as being commanded by (a) a noncommissioned
officer (NCO) with more.time in the TC position than other TCs, (b) a TC who
has trained longer with the gunner with whom he fired (Eaton & Neff, 1978),
and (c) a TC who has a history of having qualified crews (Biers & Sauer,
1982). None of these findings is particularly unexpected, but unfortunately,
none is useful in the early identification of high-performing TCs. Yet this
information is valuable in Lerms of providing data on variables whose cov-
ariance with the predictor measure may obscure the relationship of interest.

Soldier motivation also affects measured individual and crew perform-
ance. Eaton (1978) reported a multiple correlation of .68 (p < .001) between
indexes of tangible reward and recognition motivation and Table VIII scores.
This indicates that motivation strategies initiated by the unit chain of
command can have a direct effect on tank crew performance in exercises simi-
lar to Table VIII. In addition, Eaton found that for "TCs, drivers, and
:oaders, performance generally was positively related t recognition-based
motivation, and negatively related to motivation based on tangible reward ....
For gunners, however, performance was negatively related to recognition-based
motivation" (p. viii). Thus, depending on the individuals' crew position,
one strategy can potentially produce different effects on individuals' per-
formance. Questions concerning whether source of motivation can be used to
distinguish between high and low performers remain unanswered.

*Criterion Measures

While previous research indicates that certain testing techniques hold
promise for Armor crewmember performance and more information is now availa-
ble concerning important intervening variables, the availability of appropri-
ate and useful criteria against which to validate predictor tests has

14
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Nremained a problem. Criterion measures used in past research include scores
from live-fire gunnery exercises, Multiple Integrated Laser Engagements Sys-
tem (MILES) exercises, supervisory ratings, peer ratings, Skill Qualification
Tests (SQTs), specially administered hands-on skill tests, and both hands-on
and written tests administered during the course of normal Armor training.
Efforts to explain the inconsistencies found in past research have brought to
light many disadvantages associated with the current job performance criteria
available in Armor, especially those associated with gunnery.

Scores obtained from live-fire gunnery exercises often provide data that
are not comparable between units or even between tanks. It is conceivable
that with a company of tanks firing over a period of several days, the
condition of the weather, tank equipment, and range equipment could change to
such a degree that no tanks fire the same engagements. In addition, for any
specific tank, changes in ammunition characteristics, equipment performance,
and firing conditions may reduce the reliability or increase the error
variance for within-tank performance measures. Thus, low reliability of the
criterion measure may have been a large contributing factor to the relatively
inconsistent findings of past research.

In addition, it should be pointed out that tank gunnery tables are
collective exercises. Engaging targets and measuring the results of those
behaviors in such values as "time to engage" or "proportion of hits" produces
a crew-level evaluation.or, in the case of Table IX, a platoon-level
evaluation. The relative contributions of individual crewmembers are
difficult to ferret out. In fact, it is not uncommon for unit commanders who
are short on high-quality personnel to pair mature, experienced TCs with
novice or ineffective gunners to ensure that the tank crew will by rated
"qualified." On the other hand, very effective gunners may find themselves
in crews with ineffective TCs and fail to qualify their tanks during annual
gunnery, thus making it virtually impossible to use the results of tank table
exercises to make statements about individual performance. Many of these
comments also apply to MILES exercises, such as those conducted at the
National Training Center.

Like firing exercises, ratings or rankings by supervisors have inherent
flaws. Specifically, the subjective nature of ratings makes the susceptible
to biases associated with behaviors that are unrelated to gunnery task per-
formance. Soldiers may be rated high if they tend to be courteous or low if
they have disciplinary problems regardless of their gunnery ability. Alter-
native approaches to the criterion problem have included administering spe-
cially developed hands-on criterion tests or simply collecting existing
evaluations, such as end-of-course exam scores. While the former approach is
preferable to using existing data, sampling representative tasks to form
criterion tests is always limited by time constraints and equipment availa-
bility.

A review of past research suggests that constant time and equipment
constraints often force investigators to settle for the available criterion
measures rather than the preferred. Therefore, it is not surprising that
validation results have failed to identify effective predictor measures. To
address this problem, it is necessary to look in two directions: first, to

5
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determine what constitutes appropriate criteria; second, to determine how
those criteria can be reflected in specific predictor tests. In looking
toward the criterion or evaluation side, it is apparent that the Army is
interested particularly in predicting combat skill. While on the predictor
side, previous research supports a job sample testing approach.

Statement of the Problem

Past research has failed to demonstrate a reliable, valid relationship
between Armor crewmember performance prediction tests and any one of a number
of Armor job performance measures. Specifically, while the U.S. Army wants
to select soldiers for duties as M1 gunners crewmembers who demonstrate the
greatest potential for success in combat, it appears almost impossible to
obtain reliable, appropriate performance measures against which to validate
that potential. For example, threat doctrine indicates that M1 gunners will
most likely engage targets employing evasive maneuvers, yet U.S. Armor
live-fire gunnery exercises employ no such engagement requirements. U.S.
gunnery tables contain moving targets, but these are most often flank con-
stant-speed tank silhouettes. Therefore, the psychomotor skills necessary to
obtain combat kills against an evasive target are not developed by tank ta-
bles nor can tank tables be used as a criterion against which to evaluate all
combat skills.

The lack of appropriate criteria against which to validate combat skills
also denotes the existence of a training gap. If the necessary combat "eval-
uation" environment cannot be produced, then the necessary combat "training"
environment probably cannot be produced either. However, the Army is moving
to bridge this gap through the use of high fidelity computer-controlled simu-
lators, which can provide the necessary visual stimulus-and-response devices
required for testing tank crewmembers. Simulators such as the M1 Unit Con-
duct of Fire Trainer (UCOFT) will allow M1 gunners to train against realistic
threat arrays using M1 control handles that respond the way the M1 tank does.
A variety of threat scenarios can be presented, ranging from single-target
stationsiry (easy) to multitarget moving (difficult), up to and exceeding the
best estimates of threat capability. Thus, using the M1 UCOFT, a soldier's
advanced gunnery skills can be evaluated against realistic combat criteria.

In summary, the UCOFT offers a time- and cost-effective means of using
the job sample testing approach for predicting combat performance. Consid-
erable effort will be required to develop tests for implementation on the
UCOFT or UCOFT-like simulators that mirror the hands-on requirements for
combat-level tank gunnery. Once developed, these tests must be validated
against their hands-on counterparts (e.g., skill tests) and against realistic
job performance criteria. Furthermore, their relationship to general ability
measures (e.g., AFQT) remains to be established. Initial evaluations from
research with small samples indicates such relationships may exist (Wallace,
1982). A proposed criterion continuum is present in Table 1. Note thatImental ability tests represent the initial and most abstract predictors of
combat performance, followed by skill tests and then tests administered bymeans of simulators. Live-fire exercises currently occupy positions demon-

strating the greatest point-to-point specificity (i.e., fidelity) with actual
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combat. However, future high fidelity devices, including the UCOFT, may
provide even greater fidelity using combat simulation than can be achieved in
live-fire exercises that are constrained by safety requirements. Thus, it is
even more important to develop and evaluate simulation-based, computer-con-
trolled prediction. tests in preparation for the delivery of UCOFT or similar

5 devices.

Present Research

Research is needed (a) to determine the relationship between hands-on
job sample tests and their computerized counterparts, (b) to ascertain how
these tests relate to ASVAB-based ability measures, and (c) to determine how
each test relates to measures of tank gunnery performance. The goal of this
research is to establish that computer-based tests, like those that may be
implemented on the UCOFT, relate to hands-on performance. A motivation in-
ventory and biographical questionnaire will also be included. These instru-
ments may be useful in providing data on moderator or suppressor variables
within the tested relationships.

METHOD

Subjects

The subjects, 123 M1 tank gunners representing four battalions, wereII selected for participation based on supervisors' ratings. Ratings were com-
pleted by company commanders and a senior NCO of their choice. The two

raters from each company were instructed to reach a consensus rank order for
gunners, based on each gunner's demonstrated ability in performing gunnery-
related tasks and on their availability for testing (see Appendix A). Raters
were asked to disregard gunners' performance in such nongunnery areas as
military courtesy. In addition, raters were asked to consider the gunners'

Aperformance apart from that of their respective tank commanders or crews;

that is, to rate gunners high if they were proficient, even though their
crews may not have qualified on the most recent gunnery exercise. Eight
gunners were selected for testing from each company. The four rated most
proficient in each company and the four rated least proficient were tested.
One company was exempted from the testing because of prior commitments.

Predictor Tests

The job sample tests used in this research were originally developed and
reported by Biers and Sauer (1982). These tests formed a battery intended

.14

for administration using M6OA1 tanks and Apple computers. For the present

research, however, the M60A1 on-track tests were modified for use on M1
tanks, thus forming M1 on-tank and M1 computerized test versions. The bat-
tery include two hands-on (on-tank) tests and three computer-based (off-tank)
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tests. Also, five subtests of the ASVAB including AFQT and pattern analysis
were administered as were motivation inventory (Eaton, 1978) and a biographi-
cal questionnaire.

Tracking Test.. This hands-on test used a snakeboard, an M1 tank, and an
M55 laser bore, sighted with the main gun. A specially built device was used
to pulse the laser automatically once per second for periods of 60 seconds.
Soldiers were instructed to use the gunner station power control handles to
track the snakeboard 12 times, 6 times from left to right and 6 times from
right to left. To determine the gunners' accuracy- on each trial the test
administrator counted the number of laser pulses that fell on the snake.
Speed was determined by recording the location of the final pulse, thus indi-
cating the distance tracked during the 60-second trial. See Appendix B for
details about the equipment used for this test.

Target Engagement Test. Soldiers were evaluated on both speed and accu-
racy in a hands-on target engagement task using an M1 tank, an M55 laser, and
three 35 mm slide projectors. A TC confederate initiated the fire commands
and laid the main gun for direction in each of the 15 engagements. Three
slides were presented simultaneously on a 1.82m x 5.49m screen; however, only
one of the three slides in any given engagement contained a target. After
the TC laid the gun for the direction, the gunners were instructed to call
"identified" when they located the target in the Gunner's Primary Sight

(GPS). The TC then released control of the main gun, and the gunner contin-
ued the engagement by laying on the target and firing the M55 laser. The
test administrator recorded the time from slide presentation to laying the
gun as well as the time from the gun lay to firing. These data were obtained
from electronic stopwatches wired to microswitches on the TC's and gunner's
control handles. The test administrator also recorded hit or miss on the
engaged target. Appendix C contains details concerning the equipment util-
ized for this test.

Computerized Tracking Test. A compensatory tracking task was admini-
stered to soldiers, using a microcomputer, a video monitor, and a joystick
control. The video monitor contained a fixed reticle and a moving dot or
target (approximately .16 cm souare). This target moved randomly across the
screen at one of three speeds. The .:e' task was to bring the target
into contact with the reticle and n- .ain the target on the reticle cross
hair during each of the 3-minute trials. The target dot moved at a higher
speed on each successive trial. '-ores from this test included "time-on-
target" and the "root mean square (RMS) distance error" for each of the three

trials.

Computerized Target Engagement Test. This test required a microcomputer
with video monitor, a 35 mm slide projector, a joystick control, and an image
combiner. Slides that simulated the Ml's 3X and lOX sight pictures were
prepared. Each slide contained one target: either a tank, a jeep, or an
armored personnel carrier (APC) embedded in a wooded scene. The image com-
biner allowed the reticle and four-digit range data that appeared on the
video monitor to be superimposed on the 3X and lOX slide sight pictures. For
each engagement, soldiers uere instructed to view the 3X sight picture, lo-
cate the target, and place the center of the reticle on the target using the
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joystick. The next steps in the engagement procedure were to (a) press a
button labeled "1OX" that advanced the slide projector to a 10-power sight
picture of the target area, b) relay the reticle on the target, and (c)
range to the.target by pressing e 'utton labeled "Lase." Pressing the Lase
button caused a change in the ;a\w --?git range number at the bottom of the
sight picture. If the neii r,,-  'i:ber had a bar over it, indicating a mul-
tiple return, soldiers were %', t to range again and then to fire by
pressing a button labeled "Fir " - ',i the range number did not have a bar over
it, soldiers were instructed to aintain the reticle on target and to press
the Fire button. Soldiers were 0..ven 2 practice engagements during the in-
structional phase .and 18 angage:-, - w in the test phase. The microcomputer
recorded the distance between " --nter of the reticle and the target when
the 1OX, Lase, and Fire buttons ct re pressed. Elapsed times were recorded
from the onset of the 3X target .ccene to the button presses for lOX, Lase,
and Fire. Laser ranging procedures were scored as correct or incorrect for
each engagement. Hit and -4ss data were also recorded. See Appendix D for
details on the collocated equipment used for this test as well as for the
Computerized Tracking Test.

M1 Computer Panel Test. Soldiers were tested on three operations of the
M1 ballistic computer by means of a microcomputer-controlled simulation of
the computer's panel. The simulator used a screen digitizer or touch panel
placed over the face of a 12-in. color monitor. Th Dperations consisted of
enter data, check data, .and run computer self-test. "he software for the M1
computer test was developed to provide the soldiers with 3 instructional
t.rials for each type of operation followed by 10 scoi-ed or test trials. The
number of correct on each operation and the time required to complete each
test trial were recorded. Appendix E provides details on the Computer Panel
test.

ASVAB. Four subtests from a research version of the ASVAB were used to
obtain estimates of soldier scores on the AFQT. Because of time constraints
imposed on the overall testing process, a scaled-down version of each subtest
was used. Subtests were shortened by randomly selecting 50% of the questions
for administration. The AFQT consists of a combined score obtained from the
following ASVAB subtests: Numerical Operations (NO), Paragraph Comprehension
(PC), Arithmetic Reasoning (AR), and Word Knowledge (WK). In addition, as
ASVAB 6/7 subtest, Pattern Analysis (PA), was administered to index spatial
or perceptual skill.

Motivation Inventory. A motivation inventory developed by Eaton (1978)
was administered. Based on Vroom's (1964) theory, this inventory yielded
scores on four separate scales: recognition, tangible reward, intrinsic
reward, and self-actualization. A copy of the inventory is given in Appendix
F.

Biographical Questionnaire. This questionnaire provided information on
soldier's time in the Army and amount of Armor experience. A copy of the
questionnaire is given in Appendix G.
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Criterion Measures

The criterion measures include the supervisors' ratings and Table VIII
scoresheets from the soldiers' most recent gunnery. Each gunner's overall
Table VIII percentage was recorded as were separate totals for day and night
engagements. Subtotals were computed from both the day and night totals for
the moving maingun engagements.

Proredures

The validation effort was conducted double-blind; that is, neither the

soldiers tested nor the test administrators were aware of the supervisors'
ratings. The testing schedule allowed four soldiers to be tested in the
morning and four in the afternoon. Each session began with a rotation sched-
ule for completing the individually administered job sample tests (see Appen-
dix H). The biographical questionnaires were completed during the time
available between job sample tests. When all soldiers had completed the job
sample tests, the ASVAB and motivation inventory were administered in a group
testing session. Thus, testing was completed in 16 working days, 4 days per

battalion. One-half day was later set aside for makeup testing for soldiers
whose computerized-target engagement test data were not recorded because of
computer failure.

Data Quantification

Preparing test data for analysis involvee utilizing both microcomputer
and manual methods. The raw data for each computerized test were tabulated
and several derived measures computed using the same Apple II Plus computers
used to collect the data. Data on the administrator's scoresheets were tabu-
lated by hand, and some derived measures were computed manually. For exai-
ple, for each of the 12 trials, the tracking test scoresheets contained tn
2.xation of the final pulse. This location was converted to a measure repre-
setnting the number of inches tracked during a 60-second trial, using a table
of location values derived from measurements of the actual snakeboard. The
remaining measures were computed and analyses conducted utilizing the Statis-
tical Analysis System (SAS) (SAS Institute, Inc., 1979).

Table 2 provides a brief definition of the major derived measures and
labels for each measures. Appendix I contains a comprehensive annotated list
of predictor and criterion variables collected in the course of this re-
search. "--

RESULTS AND DISCUSSION

This section is divided into three subsections, each addressing a sepa-
rate research question. The first section, Comparability of Battalions,
presents the results of analyses comparing data from each of the four battal-
ions on the biographical questionnaire, the predictor tests, and the
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Table 2

Derivations and Labels for Major Predictor Variables from Job Sample Tests

Test Variable How derived

Hands-on tests:
Tracking FTRH Sum of hits for trials 3-12

FTRD Sum of distance in inches for trials
3-12

FTR Sum of hits (3-12) added to the sum of
the distance (3-12)

Target engagement FTET Sum of the engagement times for trials
during which hits occurred

FTEH Total number of hits divided by the
total number of engagements fired

FTE Total number of hits divided by the
total number of engagements fired minus
the sum of engagement times for trials
where hits occured

Computerized tests:
Computerized tracking FCTE Average root mean square (RMS) error

across 3 trials
FCTT Average time-on-target across 3 trials
FCT Average time-on-target minus average

RMS error

Computerized target FCDT Sum of engagement times for trials 2-18
FCDH Sum of engagement hits for 1OX, Lase,

and Fire for trials 2-18
FCD Sum of hits for 1OX, Lase, and Fire

(trials 2-18) minus sum of engagement
times (trials 2-18)

Ml computer panel FCPEC Total number of correct enter/check
data (ECD) trials

FCPET Average time on ECD trials

Computerized tests:
M1 computer panel FCPE Total correct ECD trials minus average

(continued) ECD time
FCPCC Total number of correct computer self-

test (CST) trials
FCPCT Average time on CST trials
FCPC Total correct CST trials minus average

CST time

12
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criterion measures. The second section, Predictor Test Relationships, exam-
ines the intercorrelations among predictors with particular emphasis on the
relationships between hands-on tests and their computerized counterparts.
The third seption, Predictor-Criterion Relationships, presents the results of
analyses conducted, to establish the existence of relationships between pre-
dictor and criterion measures.

Comparability of Battalions

Data were tabulated and descriptive statistics were computed for each
battalion and for all variables. Because subjects for this research effort
were drawn from four separate battalions, comparability among the battalions
was initially evaluated.

It was of interest to ascertain whether or not gunners in these battal-
ions had essentially equivalent Armor experience. This was especially true
for these four battalions because each had recently been transition trained
from M60A1 tanks to the M1. The order in which battalions were transitioned
as well as the means and standard deviations for four biographical variables
for each battalion are presented in Table 3. While gunners from the four
battalions appeared equivalent in the number of months they had served in the
gunner position, gunners from Battalion 1, the second battalion to be tran-
sitioned, had more M1 gunnery experience. The only explanation for this is
that by the time the second battalion transitioned, soldiers who had trained
on the M1 at Fort Knox began transferring to fill slots in Europe. This was
true for both cadre (E-6 and E-7) and for recent initial entry training (IET)
graduates. It was also of interest to determine whether or not battalions
differed on the paper-and-pencil ability measures, namely AFQT and PA. Table
4 shows that differences do exist; scores were standardized by battalion.

Descriptive statistics were subsequently computed for each battalion on
the raw scores from the job sample predictor tests. Table 5 presents those
statistics for m.ajor job sample predictor tests. It is apparent that no one
battalion is consistently superior. However, discrepancies among battalions
suggest that stibsequent analyses should use scores standardized by battalion.

Criterion variables included both the supervisors' ratings and measures
derived from the Table VIII scoresheets. With regard to the supervisors'
ratings, the original design for this research called for 120 subjects, 30
from each battalion. Each battalion was to provide 15 of its best gunners.
Selecting the top 15 and bottom 15 and not testing the remaining 24 gunners
in each unit optimizes the opportunity to demonstrate the disc-iminability of

. the predictor tests. Unfortunately, the units involved could not provide
gunners of the exact type and quantity specified. Table 6 presents the
number of gunners from each battalion falling into each rating category. The
decrement in Battalion 2 is a result of having on of their four companies
designated as a Canadian Army Trophy Cup competitor.
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Table 3

Means and Standard Deviations by Battalion for Biographical Data

__ Battalion-

Experience (in months) 1 2 3 4

In Army x 49.4 55.3 60.6 57.8
SD 21.1 22.9 19.8 90.4
N 33 26 32 32

As gunner X 21.0 23;6 23.0 22.2
SD 15.7 19.7 14.9 16.3
N 32 25 32 32

As M1 gunner x 12;0 8.8 8.1 8.1
SD 10.3 5.2 4.1 6.4
N 32 25 32 32

In present unit x 18.2 22.6 17.5 16.3
SD 6.8 9.7 6.9 12.3
N 33 26 32 32

Transition training order 2nd '1st 3rd 4th

Table 4

Means and Standard Deviations by Battalion for AFQT and PA

Battalion
2 3 4

AFQT x 59.20 57.10 58.00 59.80
SD 24.00 29.20 26.70 25.10
N 33 -- -26 32 32

PA x 10.30 9.27 10.19 9.84
SD 3.87 3.94 3.77 3.16
N 33 26 32 32

14
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Table 5

Means and Standard Deviations by Battalion for Job Sample Measures

Battalion
1 2 3

Tracking

Hits (FTRH) x 487.1 464.3 502.9 495.7
SD 46.5 56.5 40.7 42.1
N 32 26 32 32

Distance (F7hD) 3389.3 3284.9 3008.1 2906.6
SD 661.0 806.6 847.6 635.8
N 32 26 32 32

-~ Target engagement

Time (F TET) 36.6 36.6 38.0 35.8
4)SD 52.2 10.4. 11.4 9.6

N33 26 32 32

_Hit* (FTEH) x.7 .7 .7 .7
SD .2 .1 .1 .1

*N 33 26 32 32

Computerized tracking-

'.Time (FCTT) 32.4 32.0 33.1 33.7
SD 7.7 9.6 8.1 7.0
N 33 25 32 32

Error (FCrE) x27.1 25.5 24.6 24.9
ISD 11.9 3.4 2.2 1.8

N33 25 32 32

1 Computerized target
engagement

Time (FCDT) z369.9 557.4 581.3 516.1
SD 141.0 245.9 215.0 171.8
N 31 22 25 32

Hits (FCDH) 19.3 13.0 11.6 12.5
SD 5.3 6.6 4.2 4.7
N 33 25 32 32

M1 computer pancl

BCD correct (FCDEC) x9.8 9.5 9.8 9.6

SD .4 .7 .5 .6
N 33 26 37 32

ECD time (FCPET) x 19.6 20.0 19.6 19.3
SD 3.9 6.3 4.2 5.2
N 33 26 32 32

CST correct (FCVCC) 9.6 9.2 9.2 8.9

SU .7 1.3 1.4 1.3
N 33 26 32 32

CST time (FCPCT) x17.4 18.6 18.6 18.7

SD 1.9 2.6 4.0 2.7
N 33 26 32 32
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Table 6

Number of Gunners Rated High and Low by Battalion

Battalion
1 2 3 4 Total

Number of gunners.rated high 16 12 15 15 58
Number of gunners rated low 17 14 17 17 65

Total 33 26 32 32 123

Table VIII data were tabulated to derive the following measures: per-
cent total hits (PTOTAL), percent day hits (PDAY), percent night hits
(PNIGHT), percent day moving hits (PDMOVE), and percent night moving hits
(PNMOVE). Raw score means and standard deviations for these variables are
presented in Table 7. Battalion 3's lower percent scores were attributed to
its having fired at a different location from the other three battalions and
on a range fraught with-numerous target equipment difficulties. Percentage
scores were therefore standardized by battalion prior to computation of
zero-order correlations with the obtained predictor measures.

Predictor Test Relationships

Hands-on versus Computerized Tests. To address the initial goal of this
research effort, that is, to determine the relationship between the hands-on
job sample tests and their computerized counterparts, intercorrelations among
all predictor measures were computed (see Appendix J). The Tracking Test,
using an actual M1 tank and a large snakeboard, was a hands-on test; its
counterpart was the more abstract, psychomotor tracking task using the Apple
II joystick. The Target Engagement Test, employing an M1 tank and three 35
mm slide projectors to present three target slides simultaneously, was the
hands-on counterpart of the Computerized Target Engagement Test. The M1
Computer Panel Test was unique because it was administered via an Apple II
microcomputer and a mylar touch panel, but in essence, it was a hands-on test
incorporating all the procedural, cognitive, and perceptual-motor require-
ments of operating the actual M1 computer panel.

Hands-on tracking measures failed to correlate with any of the comput-
erized tracking measures. This may point to the need for greater specificity
between hands-on and computerized tracking tasks, a requirement certainly
fulfilled in the UCOFT. The Apple II joystick-controlled psychomotor test
requirements were apparently unrelated to the psychomotor aptitudes necessary
to opera'e the M1 gunner's sophisticated controls.
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Table 7

Means and Standard Deviations by Battalion for Table VIII Criterion Measures

Battalion

Table VIII measures 1 2 3 4

PTOTAL x 84.0 79.5 74.3 89.2
SD 12.1 8.6 10.8 7.7
n 31 23 29 31

PDAY x 85.7 84.14 73.3 87.3
SD 15.5 9.5 10.7 9.9
n 31 24 31 31

PNIGHT x 82.3 73.0 76.2 93.1
SD 15.5 17.0 14.7 8.0
n 32 23 28 31

PDMOVE x 73.1 82.4 71.9 85.9
SD 31.5 17.5 16.8 11.8
n 32 24 31 31

PNMOVE x 75.7 76.0 69.9 92.4
SD 33.7 17.7 26.5 9.3
n 32 22 29 31

The hands-on Tracking Test did relate to the. computerized target engage-
ment test. Specifically, the composite tracking score (FTR), which combined
number of hits and distance tracked, correlated with two measures from the
Computerized Target Engagement Test, total time (FCDT) and the composite
measure (FCD) (r = -.230, P < .016 and r = .248, p < .009), respectively.
The composite measure is a function of engagement time and number of hits.
This correlation indicates that gunners who were better at snakeboard track-
ing also had shorter computerized engagement times.

The hands-on Target Engagement Test was related to its computerized
counterpart. Target engagement time (FTET) was correlated with computerized
target engagement time (FCDT) (r = .220, p < .021); and the relationship
between proportion of target engagement hits (FTEH) and computerized engage-
ment hits (FCDH) approached significance (r = .167, P < .066). Thus, gunners
who engaged targets more quickly on the actual MI tank were also quicker on
the computerized version. These findings lend initial support to the useful-
ness of these measures for implementation on the M1 UCOFT or UCOFT-like simu-
lators.

The M1 computer panel measures were related to performance on both
hands-on te-ts. This finding was rather unexpected given the divergent
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nature of the :puter panel task. Although it is a necessary prelude to ef-
fective gunners correct preparation of the computer panel has none of the
psychomotor comtjaents common to gunnery tasks (i.e., tracking and firing at
targets). Operating the M1 computer is, however, a highly cognitive task;
and to the extent that certain cognitive abilities are common to all three
tasks, a quantifiable relationship may exist.

The correlations between the M1 computer panel measures and measures

from both the hands-on Tracking Test and the hands-on Target Engagement Test
are found in Table 8. All correlations are in the-appropriate direction for
high performance gunners. For example, an effective M1 gunner should have a
high ECD Composite Score (FCPE) and a high number of hits (FTRH). The posi-
tive correlation (r = .178, < < .049) indicates that this is indeed the case.
In addition, it is reasonable to assume that an effective M1 gunner should
know the ECD task well and therefore complete it in a short time and that the

gunner should acquire and engage targets quickly. Thus, a correlation be-
tween ECD time (FCPET) and Target Engagement time (FTET) should be positive,
and that is the case (r = .225, R < .012).

AFQT versus Predictor Tests. As is true with all correlational re-
search, finding significant intercorrelations among the predictors points to
the possibility that the predictors have a common underlying component. In
an attempt to interpret the obtained relationships between the M1 Computer
Panel Test and the two hands-on tests, it was hypothesized that the common
component might be level of cognitive ability. Administration of the ASVAB
subtests provided a measure of cognitive ability referred to as AFQT. Sig-
nificant correlations between AFQT and job sample test measures are presented
in Table 9. Of particular interest is the finding that of the six M1 Com-
puter Panel Test measures, five were related to AFQT. This confirms the
notion that this task has a relatively high cognitive component.

It is also interesting to note that AFQT correlated with number of hits
for the hands-on tracking task (FTRH) (r = .360, p < .0001), indicating that
gunners with higher AFQTs had more hits; that is, they were more accurate.
Because tracking hits (accuracy) and tracking distance (speed) were nega-
tively correlated (r = -. 444, p < .0001), it is conceivable that gunners with
a higher AFQT approached the tracking test with a different emphasis on speed
and accuracy than did low AFQT gunners. Tracking distance did not correlate
with AFQT. It is not possible to test the interaction between AFQT and the
speed/accuracy tradeoff with these data. AFQT was also related to perform-
ance on the Computerized Target Engagement Test. Higher AFQT gunners took
less time to engage targets but did not achieve more hits. The fact that

AFQT did not relate to performance on the hands-on Target Engagement Test is
not surprising; indeed, it is consistent with previous research, which has
demonstrated the AFQT relationship between target engagement only for tank
commanders not for gunners (Wallace, 1982).

AFQT is more commonly reported in its grouped or categorized form, that
is, by AFQT category. Table 10 shows how AFQT percentile scores are con-

verted to AFQT categories. Table 11 presents average gunner scores by AFQT
category for three job sample composite measures. These measures include the
ECD Composite Score (FCPE), the CST Composite Score (FCPC), and a third
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Table 8

Significant Correlations Between M1 Computer Panel Test and Hands-on Tests

Hands-on tests
M1 Computer Panel Tracking Target engagement

ECD time (FCPET) Hits (FTRH) Time (FTET)
r = -.215 r = .225
p < .017 p < .012

Composite (FTR)
r = -. 335
p < .0002

ECD composite (FCPE)a Hits (FTRH) Time (FTET)

r = .178 r = -.208

p < .049 p < .021

Composite (FTR)
r = .237
p < .008

CST time (FCPCT) Hits (FTRH)
r = -.311
< < .0005

Distance (FTRD)
r = .186
p < .041

CST composite (FCPC)a Hits (FTRH)
r = .252
2< .005

*" Distance (FTRD)
r = -.191

2 < .035

a~rhe composite measures are fu:.ction of time and accuracy scores.

composite score called the General Ability Composite (GAC), formed by total-
ing FCPE, FCPC, and FTR (the Tracking Composite Score). This three-task com-
posite was developed using stepwise regression techniques; it was found to
yield the most ancurate prediction of AFQT. Average gunner scores were ob-
tained by taking the average standardized score, adding a constant, then
multiplying by 100. Note that AFQT category 3B and 4 personnel do not per-
form as well as personnel in categories 1-3A. The correlation between GAC
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and AFQT was r = .49 (p < .0001). It is interesting to note that while the
category I through category IIIa personnel comprise only about 66% of the
total sample, they account for about 90% of the scoring in each of the three
tests (See Table 12). Furthermore, the category IV personnel made up 20% of
the sample but contributed less than 4% of the scoring in all three compos-
ites.

Table 9

Job Sample Measures That Correlated with AFQT

Tests and measures r (p 0

Tracking

Hits (FTRH) .360 (.0001)
Composite (FTR)a .316 (.0004)

M1 Computer Panel

ECD Correct (FCPEC) .214 (.0172)
-ECD Time (FCPET) -.513 (.0001)
ECD Composite (FCPE) .444 (.0001)
CST Time (FCPCT) -.339 (.0001)
CST Composite (FCPC) .237 (.0082)

Computerized Target Engagement

Time (FCDT) -.240 (.0115)

Composite (FCD) .216 (.0232)

aFTR is a function of tracking hits and tracking time.

Table 10

AFQT Category as Derived from AFQT Percentile

AFQT category AFQT percentile

1 93-100
2 65-92
3A 50-64
3B 31-49
4 10-30
5 1-9
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Table 11

Average Gunner Score by AFQT Category

AFQT category

1 2 3A 3B 4
Job sample (N = 13) (N = 41) (N = 27) (N = 17) (N = 25)

ECD composite (FCPE) 198 141 139 47 19
CST composite (FCPC) 170 151 91 55 10
General ability compositea 346 211 105 26 5

aSum of standardized scores for FCPE, FCPC, and FTR.

Table 12

Cumulative Scoring Contributions by AFQT Category

Sample Size ECD Scores CST Scores GAC Scores
AFQT Cummulative Cummulative Cummulative Cummulative

Category N Percent Percent Percent Percent

I 17 11% 19% 18% 27%

II 41 33% 62% 69% 79%
IIIa 27 66% 90% 89% 96%
IlIb 17 80% 96% 97% 99%
IV 25 100% 100% 100% 100%

Total 123

Additional Variables. Other intercorrelations among predictor variables
of interest include those for the biographical measure, time as gunner
(GNTM), which was found to relate to performance on both hands-on tests.
GNTM correlated with both target engagement time (FTET) (r = -.173, p < .058)
and with the tracking composite (FTR) (r = .209, p < .022). This finding is
consistent with prior research demonstrating that the more time a soldier has
served as a gunner the better his gunnery-related performance (Eaton & Neff,
1978).

Motivation questionnaire measures were analyzed with respect to other

predictor measures. Results of these analyses are presented in Appendix I.
While significant correlations were obtained, their nature and direction did
not portray meaningful or readily interpretable relationships.
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Predictor-Criterion Relationships

The third goal of this research effort was to determine how the obtained
predictor measures related to the available criterion measures. The supervi-
sory rating criterion measure failed to correlate with any of the job sample
predictor tests. This result was not totally unexpected given the subjective
nature of such a criterion. However, the Table VIII measures also failed to
correlate with predictors, for two night measures, PNIGHT and PNMOVE, which
correlated only with hands-on job sample tests (see Table 13). It is not
clear why a relationship was observed for the night measures with these tasks
when a similar relationship was not observed for the day measures. No rela-
tionships were noted for computerized measures.

Table 13

Significant Correlations Between Table VIII Measures and Job Sample

Test Measures

Table VIII criterion measures Job sample measures

PNIGHT Tracking composite (FTR)
r = .219 (p < .020)

Target engagement time (FTET)
r = .182 (p < .053)

PNMOVE Tracking distance (FTRD)
r = .202 (p < .032)

Tracking composite (FTR)a

r = .182 (P < .054)

aThe tracking composite is a function of distance and number of hits.

Several disadvantages of Table VIII scores as criterion measures were
discussed in general terms in the introduction. In the course of this re-
search-some specific problems were noted, and these may have accounted for
the relatively small number of significant predictor-criterion relationships.
For example, performance on the M1 Computer Panel Test failed to correlate
with any of the criterion measures. Given that hitting targets with an M1

tank is in large measure a function of properly setting the M1 ballistic
computer, it was surprising that these measures failed to correlate. Discus-
sions with cadremen from these units revealed that prior to commencing a
Table VIII run, all the computer functions are checked and, if necessary,
reset by the unit's master gunner. This step eliminates or severely reduces
the possibility that a tank would be sent down range and fail to qualify
because its gunner did not or could not properly conduct the M1 computer
panel preparation procedures. This would not, of course, be true in combat.
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In addition, many of the job sample tests were constructed with a combat
criterion in mind. The snakeboard used in the hands-on tracking task in-
volved tracing an extremely circuitous route, more similar to a threat target
employing evasive maneuvers than to the slow-moving flank silhouette targets
found on a Table VIII range. The Target Engagement Test required the gunner

to acquire actual vehicle targets photographed in defensive, camouflaged
positions, as opposed to Table VIII's easier task of locating high contrast
wooden panels.

Thus, we can expect to obtain significant correlations with combat per-
formance predictor measures only with the development of criterion measures
that accurately reflect combat requirements. The role of the UCOFT for M1
may be a dual one: it may serve as the vehicle whereby unit commanders can

administer concise combat performance predictor tests to aid them in assign-
ment decisions and it may provide test developers with the appropriate crite-
ria against which to validate predictor tests because it will allow
simulation of entire engagement scenarios typical of those expected in
combat.

Conclusion

The present effort has involved the development and evaluation of skills
tests for use as combat .performance predictors. Results for the target en-
gagement task suggest that this hands-on test could be successfully comput-
erized. While no relationships were observed for the supervisors, ratings
and Table VIII day scores, some hands-on measures were found to correlate
with Table VIII night scores. These findings suggest that a UCOFT-imple-
mented sample testing approach may be feasible. Performance on the M1 Com-
puter Panel Tests was found to relate to AFQT.

Pending further research on job sample ability testing, a multiple hur-

dle approach to M1 gunner and tank commander selection may be suggested. Job
sample ability testing for position-specific requirements may be combined
with the on-site commander's evaluation of crewmember performance. This
testing may offer a feasible approach to crewmember selection. Further
research is required to assess how job sample testing can apply to tank com-
mander selection. Finally, following delivery of the UCOFT, UCOFT-imple-
mented job sample tests would have to be validated for both TC and gunner

positions.
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INSTRUCTION TO RATERS

GEN Thurman, the Vice Chief of Staff of the Army, has directed the Army
Research Institute.(ARI) to conduct research in M1 tank gunner performance.
Your assistance in providing thoughtful evaluations of the gunners in this
battalion is a major cornerstone in this research project. The ratings you
provide will not be given to anyone; they are for research purposes only.
The ratings will not affect the careers of the men rated in either a positive
or a negative way. The ratings will however provide the Army's personnel
managers with some valuable information concerning what field superviso's
value in the performance of M1 gunners.

When you evaluate the gunners on this list please note that we as Armor
researchers are aware that gunnery is a crew level exercise, a tank may
qualify because it has a top-notch TC who performs extremely well even though
he has a relatively poor gunner or another tank may fail to qualify with a
top-notch gunner because the TC was poor in target acquisition or slow to lay

the main gun. For this reason we are asking you for your opinion/evaluation
of the battalion's gunners, rather than using only Table VIII scores.

Please do not, repeat do not, discuss your ratings or the conduct of
this research with anyone. A soldier's motivation to perform to the best of
his ability is very important.
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TRACKING TEST

EQUIPMENT

1. M1 Tank

2. M55 Laser Device

3. Laser Pulser Device to pulse the M55 laser device at controlled
rates for fixed periods of time.

4. Snakeboard consisting of 1 inch wide engineering tape placed on a
1.8 meter x 1.8 meter board in a circuitous path.

APPROXIMATE ADMINISTRATION TIME

Instructions 2 minutes

12 Tracking Trials 20 minutes

Total 22 minutes
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S Snakeboard

4.5 m

Pulser

<------- i55 Laser

L € Hl Tank

Figure B-1. Equipment Setup for Tracking Job Sample Test
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HANDS-ON TRACKING SCORE SHEET

Name/Rank Crew Position

Date Experimenter

Position Direction Distance
(TC/Gunner) (LR/RL) Hits Reference Point % Next Point

TOTAL HITS FROM GUNNER STA. TOTAL PTS FROM GUNNER STA.

SD SD

31 PT 5539b
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INSTRUCTIONS FOR TRACKING TASK

Your task will be to track the snakeboard here in front of the tank
using the gunner's cadillac controls. You must track as accurately and as
quickly as you can. You will start from one end of the snake and track for
60 seconds; if you reach the other end of the snake before you hear this
buzzer (BUZZ), simply reverse direction and continue to track. How accur-
ately you track will be determined by how many times the M55 laser pulse hits
the snake outline. The laser is set to automatically pulse once per second;
you do not have to squeeze the trigger at any time during this task to make
the laser pulse. It will automatically flash. You will track the snake
twelve times alternating the side from which you begin. I will tell yc'
which side to start from and when to begin. Do you have any questions?
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TARGET ENGAGEMENT TEST

EQUIPMENT

1. M1 tank

2. Control-timer device was used to:

o Measure Time Data

o Control Target Scene Presentation

3. M55 Laser Device

4. Kodak carousel projectors

5. Remote control junction box for simultaneous presentation of target
slides

6. Slide screen

APPROXIMATE ADMINISTRATION TIME

Instructions 3 minutes

14 Scored Trials 20 minutes

Total 23 minutes

i
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: l(5.Oral X 1. lM)6.7 I I

2. id I s.cr

\ , \C o l Timr
I a/

6. 7m\ /

' ' \~

%0

tN: 2. Om --- Slide projectors
" '--M55 Laser

<---Junction box

a ,----Controller Timer

<--Mi Tank

Figure C-i. Equipment Setup for Target Engagement Test
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GUNNER ENGAGEMENT SCORE SHEET

Name/Rank Crew Position

Date Experimenter

TRIAL TC TIME FIRE TINE HIT/MISS

1

2

3

4

5

6

7

8

9

10

12

13

15

TOTAL

SD

36 PT 5539a
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TARGET ENGAGEMENT TEST INSTRUCTIONS

The taslc you are about to perform is called gunner target engagement.
From the gunner's position you will engage stationary targets presented on
the screen in front of the tank. The slides will appear and your TC will lay
the main gun in the target area. When you see the target say "identified."
The TC will release the override and you will lay on the center-of-mass of
the target and fire. After you fire the TC will give you a "cease fire."
You will not re-engage. You will not lase during the engagement. When you
fire, the M55 laser mounted on the gun tube will simulate a round striking
the target area. The M55 has been boresighted with the GPS in 3 power. The
GPS should remain in 3 power for the duration of the task. There will be one
and only one target on the screen during each engagement. If you cannot
identify the target after the TC has layed the main gun in the target area,
say "cannot identify" and that engagement will be terminated. Do you have
any questions? Get into the gunners seat. Adjust the seat and browpad, then
let the TC know when you are ready to begin.
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COMPUTERIZED TRACKING TEST
AND

COMPUTERIZED TARGET ENGAGEMENT TEST

EQUIPMENT

1. Apple II Plus Microcomputer with two disk drives.

2. 35mm slide projector with remote control.

3.. Image Combiner box with 450 one-way mirror.

4. 12" Color Monitor.

5. Joystick control box with three response buttons.

6. 8" Black and White Monitor.

APPROXIMATE ADMINISTRATION TIME

Instructions 8 minutes

20 Engagements 27 minutes

Total 35 minutes
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COMPUTERIZED TARGET ENGAGEMENT TASK INSTRUCTIONS

The equipment on the table in front of you will be used to simulate
target engagements. from the gunner's position in an M1 tank. It consist of:
(1) a slide projector to present the target scenes, (2) an Apple computer to
present the reticle, and (3) a joystick control box to allow you to move the
reticle and place it on target before firing.

I am going to teach you how to use this equipment to engage targets.
After you have practiced you will be given several engagements to fire on
your own. Targets in this task will be either jeeps, tanks, or APCs. There
will be one and only one target in each scene. If you have questions duringIthe practice engagements please feel free to ask them. After you have com-
pleted the three practice trials, I cannot answer any more questions.

The first scene contains a tank target. Locate it and use the joystick
to place the reticle near the center-of-mass of the tank. In an M1 tank, the
gunner will normally acquire targets in 3 power magnification as represented

here, then switches to 10 power magnification in order to make a fine lay on
the target. To switch to 10 power with this equipment, press the red button
on the joystick control box labeled lOX. Continue to hold the reticle
steady. Thn slide projector will advance to a 10 power slide of this same
target scene. Locate the target again and place the reticle on the cen-

ter-of-mab -

You are now ready to range to the target using the laser rangefinder.
Continue to hold the reticle on target and press the red button labeled LA-
SER. You will see a four digit number appear in the bottom of your sight

Q- picture. This is the range to the target. After you have lased you are
ready to fire. Press the red button labeled FIRE. If the laser beam encoun-
tered any extraneous material prior to reaching the target or after hitting
it you might have gotten what is called a "multiple return bar." This bar
would have shown up as a line over the top of the four digit range at the
time the range was updated. Should you get a multiple return bar after you
lase, simply lase again, then fire. Even if you get a multiple return bar on
the second lase go ahead and fire. Remember, each time you engage a target
you must: (1) locate it in 3 power, (2) press he lOX button, (3) locate the
target in 10 power, (4) range to the target by pressing the LASER button, (5)
determine whether or not you have a multiple return bar, and (6) if you do
not have a multiple return bar press the FIRE button or if you do have a
multiple return bar press the LASER button again, then FIRE.

-Do you have any questions? After you fire, the Apple computer will
score the amount of time it took you to engage the target and how accurate
you were. Both speed and accuracy are important. The clock starts when the

three power target scene is displayed. You have two more practice engage-
ments, then you are on your own.
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COMPUTERIZED TRACKING TASK INSTRUCTIONS

(Instructor turns black box so that red button will be right hand side.)
This task is much like a computer game. When you begin you will see a
reticle on the screen and a small white dot or blip. Your job is to use the
joystick to bring the blip in contact with the crosshair of the reticle.
Each time the blip meets the crosshair, you will hear a click from the com-
puter. Try to get as mafty clicks as you can in the time in which the task
runs. There will be three trials. Each trial lasts about two minutes. Do
you have any questions? Press the red button closest to you to begin.
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Figure D-i. Equipment Setup for Computerized Tracking and Target Engagement

Tests
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M1 COMPUTER PANEL

EQUIPMENT

1. Apple II Computer

2. TSD Mylar Touch Panel

3. 13" Color Monitor

APPROXIMATE ADMINISTRATION TIME

Instructions 10 minutes

Computer Panel Trials 20 minutes

Total 30 minutes
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INSTRUCTIONS TO SUBJECTS

We would like to show you how to operate this mockup of the M1 computer
panel. We are going to teach you how to perform three tasks which are quite
similar to the tasks an M1 gunner performs. They are: check data, enter data
and run a computer self test. You will practice each of these tasks and then
you will do some on your own. What you see on the screen is a mockup of an
M1 computer panel which consists of certain automatic inputs: crosswind,
cant, lead, and range. These four pieces of information are automatically
fed into the computer. However, several additional pieces of information are
manually placed in the computer by the gunner. They are ammo temp, baro
press, air temp, MRS, ammo subdes, BS adjust, and tube wear. On the left
side of the computer panel you will see a number pad much like a calculator
would have and two additional keys: one marked ENTER and a key marked CLEAR.
Turn the computer on by touching the ON button. Notice how little pressure
it takes to operate the panel. Please do not touch the panel with your fin-
gernails. Information which you will need to perform the check data task is
found at the bottom of the panel. It says check BARO PRESS, correct BARO
PRESS 29.50. Your job is to check the baro press. Place your finger di-
rectly on the BARO PRESS button and hold it there until you see it light up.
When it lights up, remove your finger from the button. You will see that the
BARO PRESS button light is lit and the barometric pressure appears in the
display window. The barometric pressure which was in the computer previously
is displayed in the window. The correct barometric pressure is given at the
bottom of the panel in your instructions. If the correct barometric pressure
is the same as the pressure displayed in the window, simply press the ENTER
button and hold it until you hear the beep. You have just completed a check
data task. If you press the wrong button you will get a message saying trial
terminated. However, the computer will soon give you a new trial. Now try
two on your own. Your new instructions indicate that the correct barometric

dpressure is 10.01. Your task is to check baro press. Again place your fin-
ger on the BARO PRESS button. The button will light up and the barometric
pressure currently in the computer will be displayed. The pressure displayed
in the window is different from the correct baro press. Your job is to enter
the correct baro press using the number pad. Do this by pressing the 3, the
0, the decimal point, the 0, and then the 1. Wait for each number to appear
in the display. Should you make a mistake, press the CLEAR button and begin
again. When you have the correct baro press in the display window, press
ENTER. You must now check to make sure that the correct baro press did in
fact enter the computer. To perform a data check for baro press, touch the
BARO PRESS button making sure that the numbers in the display window match
the numbers in the instructions. If they do, press ENTER. You have now
completed the task of entering and checking data. Entering and checking
manual data for any of other seven pieces of information is performed exactly
like you did it for baro press. Now practice two trials on your own. Now
you will try a new test. This is called run computer test. To start the
computer test you place your finger on the TEST button at the top of the
panel. You can see that after the lights flash for the automatic inputs
checks, the letters P A S S appear in the display window. This indicates a
computer test has been performed and no malfunctions were found. Run another
test. Notice in the second test that the CANT button is flashing. This
indicates a malfunction in the CANT system. You could at this point stop the
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I
Ntest and try to fix the CANT system, but the more accepted procedure is to

complete the test for all systems and then follow normal troubleshooting
procedures. .To continue the computer test you must bypass the failed CANT
system. You do this by touching the flashing CANT button and then touching
the ENTER button. You will see that the word FAIL appears in the display
window and the NO GO light is lit. This does not mean you failed. It means
that the computer test encountered a malfunction. Now try a test on your
own. You have just completed a computer test in which only two of several au-
tomatic inputs failed to operate properly. Had you pressed the wrong auto-
matic input button, you would have received a trial terminate message. There
are more automatic inputs which were checked during the computer test than
the four which appear on the panel. These additional inputs have been as-
signed numbers. The numbers which have been assigned to these inputs are 7,
5, 6, and 1. Should any of these systems fail their assigned numbers will
appear in the display just before the FAIL appears. For practice, run an-
other computer test. Your CANT system has failed, bypassed the failed sys-
tem. Watch the display for additional system failures. Did you see the 7,
5, and then the 6 appear in the display? Your job would normally be to write
these down. However, we are going to ask you to acknowledge that you have
seen them by entering them back into the computer one at a time in the order
in which they were presented. Now enter 7 in the display, press the ENTER
button, enter 5 in the display, press the ENTER button, enter 6 in the dis-
play, press the ENTER button. If you do not enter the correct numbers or if
you enter them in the wrong order you will get a message at the bottom of the
panel which says trial terminated. Now try two tests on your own. You will
be on your own from this point on. You will be given a series of instruc-
tions to enter and check data. Then you will be given a series of computer
tests to run. Remember to touch only the button which you want to touch, hold
it until it beeps and then remove your finger from the computer panel. The
computer will record how long it takes you to complete each task and whether
or not you performed them correctly. Both speed and accuracy are important.
Do you have any questions about how to perform these tasks?
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PERFORMANCE MOTIVATION INVENTORY
(PT 5102A(R))

Last Name First Name Service number Tank

I Please fill in your name, number, and tank above. As soon as possible your data will
be coded and your name, number, and tank will be clipped off this sheet and destroyed.
No part of any soldier's individual scores will be entered into his records or be

-. available to anyone other than Army Research Institute personnel for research uses only.

In the following sections we want to find out what you think the odds are for certain
specific happenings. Then we want to know how you might feel if they did happen to you.

SECTION I What are the odds?

For each general question below please circle the odds (chances in 10) which best tells
how certain you are that the statement is true. Choose any odds from the following:

very very
very very fairly very very perfect

no little little little some 50-50 good good good good 100%
chance chance chance chance chance chance chance chance chance chance chance

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

Example: What are the odds that if you do very well on tank gunnery the Commanding
General will shake your hand and congratulate you?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

If you feel there is very little chance that this would happen circle 2/ZO

YOUR ANSWERS WILL BE KEPT CONFIDENTI-AL. PLEASE ANSWER CAREFULLY AND HONESTLY. THANK YOU.

1. What are the odds that if you do very well in tank gunnery you will receive praise
from your superior for doing good work?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

2. What are the odds that if you do very well in tank gunnery you will feel really
proud of having done a good job?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 -9/10 10/10

3. What are the odds that you will receive a promotion in rank if you do very well
in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

4. What are the odds that you will do very well in tank gunery if you really put in
a lot of effort?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

5. What are the odds that you will be held more personally accountable for your work
if you do very wdll in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

49 PT 5102a(R)
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very very
very very fairly very very perfect

no little, little little some 50-50 good good good good 100%
chance chance chance chance chance chance chance chance chance chance chance

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

6. What are the odds that you will feel that you are .carrying your share of the load
if you do very well on tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

7. What are the odds that if you do very well on tank gunnery you'll have more free

time to yourself?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

8. What are the odds that you will be given a more responsible position if you do very
well in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

9. if you do very well in tank gunnery what are the odds that you will receive a
"Well done" from your platoon sergeant?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

10. What are the odds that you will be given a three-day pass if you do very well in
tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

11. If you exert yourself and concentrate what are the odds that you will perform very

well on tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

12. If you do very well in tank gunnery what are the odds that you will receive
recognition from the Company Commander for doing a good job?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

13. What are the odds that you will feel you've done an honest day's work if you do
-very well in tank gunnery?

- 0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

14. If you do very well in tank gunnery what are the odds you will be given more
challenging opportunities in your job?

0/10- 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

15. What are the odds that you'll be given two hours of free time on one day if you

do very well in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

PT 5102a(R)
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very
very very fairly very very perfect

no little little little some 50-50 good good good good 100%
chance chance chance chance chance chance chance chance chance chance chance

0/10 1/10 2/10 3/10 4110 5/10 6/10 7/10 8/10 9/10 10/10

16. What are the odds that if you work hard you will do very well in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

17. if you do very well in tank gunnery what are the odds that you will get an

individual award for superior crew performance?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

18. What are the odds that you will feel you have achieved a worthwhile goal if you
do well in tank gunnery?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

19. If you do very well in tank gunnery what are the odds that you will receive
additional training in your job area?

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10

SECTION II How do you feel about it?

In this section we are asking how you feel about the happenings you saw in Section I.
We would like to know how you would feel if it happened to you.

Dislike Dislike Dislike Dislike Dislike Don't Lke Like Like Like Like
it it it it it a care it a it it a it it

extremely greatly a lot some little little some lot greatly extremely

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5

Example: How would you feel about being congratulated by the Commanding General for
doing very well in tank gunnery?

-5 -4 -3 -2 -1 0 +1 +2 +3 44 +5

If you would like it a lot circle +3.

YOUR ANSWERS WILL BE KEPT CONFIDENTIAL. PLEASE ANSWER CAREFULLY AND HONESTLY. THANK YOU.

20. How-would you feel about getting a three-day pass?

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5

21. How would you feel about knowing that you've done an honest day's work?

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5

22. How would you feel about receiving additional training in your job area?

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5
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Dislike Dislike Dislike Dislike Dislike Don't Like Like Like Like Like
it it it it it a care it a it it a it it

extremely greatly *a lot some little little some lot greatly extremely
-5 -4 -3 -2 -i 0 +1 +2 +3 44 +5

• YOUR ANSWERS WILL BE KEPT CONFIDENTIAL. PLEASE ANSWER CAREFULLY AND HONESTLY. THANK YOU.

23. How would you feel about receiving praise from your superior?

-5 -4 -3 -2 -1 0 +1 +2 +3 44 +5

24. How would you feel about being given more challenging opportunities in your job?

-5 -4 -3 -2 -i 0 +1 +2 +3 +4 +5

25. How would you feel about believing that you have achieved a worthwhile goal?

-5 -4 -3 -2 -i 0 +1 +2 +3 +4 +5

26. How would you feel about being able to carry your share of the load?

-5 -4 -3 -2 -I 0 +1 +2 +3 44 +5

27. How would you feel about being really proud of having done a good job?

-5 -4 -3 -2 -I 0 +1 +2 +3 4 +5

28. How would you feel about being given two hours of free time on one day?

-5 -4 -3 -2 -I 0 +1 +2 +3 +4 +5

29. How would you feel about receiving a "Well done" from your platoon sergeant?

-5 -4 -3 -2 -1 0 +1 +2 +3 44 +5

30. How would you feel about getting an individual award for superior crew performance?

-5 -4 -3 -2 -I 0 +1 +2 +3 44 +5

31. How would you feel about receiving a promotion?

-5 -4 -3 -2 -i 0 +1 +2 +3 44 +5

32. How would you feel about receiving recognition from the Company Commander for doing a
good job?

-5 -4 -3 -2 -I 0 +1 +2 +3 +4 +5

33. How would you feel about being given a more responsible position?

-5 -4 -3 -2 -i 0 +1 +2 +3 44 +5

34. How would you feel about having more free time to yourself?

-5 -4 -3 -2 -I 0 +1 +2 +3 44 +5

35. How would you feel about being held more personally accountable for your work?

-5 -4 -3 -2 -i 0 +1 +2 +3 +4 +5
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BIOGRAPHICAL QUESTIONNAIRE

1. Name: Date:

2. Social Security Number: Unit:

3. Please give your rank, pay grade MOS, and skill level below:

RANK PAY GRADE MOS SKILL LEVEL

4. Please give the dates for the following events: MONTH YEAR

a. When were you inducted into the Army?

b. When were you assigned to your present unit?

c. What is your ETS date?

d. When will your current assignment in this unit end?

5. What was your MOS in Basic/AIT?

6. What was your first job after Basic/AIT?

7. On the chart below, circle the tanks you have served on. Beneath each tank, fill in
the number of months you served as:

MONTHS SERVED ON
H160AI" M60A2 M60A3 M1

TC

LDR
GNR___ ___

Months as:

DVR

8. How long had you and the tank commander you fired your most recent gunnery with been
assigned together?

9. List the courses you have completed since joining the Army,. where you completed them,
and when.

COURSE? LOCATION? WHEN?
-I

.4.1

e.g. PLC, BNCOC, etc.

10. When did you fire on Table VIII? Fill in the boxes of years in which you fired.

1983 1982 1931 1980 1979 1978 1977 ..1976

Unit Assigned

/. Type Tank

Crew Position

Distinguished

i Qualified *.
SUnqualified ___________- ___

11. How frequently do you play video games?

once a month once a week almost everyday everyday -

*.,%% ~ * -~*~, r~.M3 . - .~* . . -PT5448R.
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TESTING ROTATION SCHEDULE

SNAKE GNR COMBO - ml
BOARD TAR-ENG COMPUTER

(20 mini) (20 miii) (30 mini) (30 mini)MlA. B C D
1ST HOUR B A D C

QUESTIONNAIRE

C D A B

2D HOUR D C B A

QUESTIONNAIRE

A B C D

3D HOUR

ASVAB TESTS

MOTIVATION

DATE; -- 83

SOLDIER A:_________________

B: ____________________________________

/ ~~~~C:_____________ _

D:
56
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VARIABLE LABELS AND DERIVATIO .S

Variable Criterion/Test Derived Measure

GR~OUP Criterion H ~igh/low (1, 0) evaluation by

supervisor

'S',PTOTAL Criterion .Percent hits on total Table VIII

COMPDEP Criterion .PTOTAL divided by 100 and then added
to GROUP evaluation

AFQT ASVAB Combined scores from, Paragraph Comn-
-* perhension, Arithmetic Reasoning,

Word Knowledge and N~umerical Opera-
tion subtests

FA ASVAB .Score from the Pattern Analysis sub-
test from ASVAB

GNTY, Biographical .Tine as gunner (M60Al + M60A2 +
M60A3 + Ml)

FEP Motivation Effort factor
N Inventory

FRECOC Motivation .Recognition factor
Inventory

FTANGREU Motivation .Tangible reward factor
Inventory

FINTRNISC Motivation .Intrinsic factor
Inventory

FACTUALZ Motivation .Self-actualization factor
Inventory

FTHTracking Test .Sum of tracking hits in trials 3
through 12

FTRD Tracking Test .Sum of distance in inches for trials
3 through 12

FDAY Criterion .Percent hits: Daytime Table VIII

PNIGHT Criterion .Percent hits: Night Table VIII

PDXiOVE Criterion .Percent day moving targets on Table
VIII

PlalOVE Criterion .Percent night moving target hits on
X Table VIII
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Cont.
Variable Criterion/Test Derived Measure

FCDT Computerized . Sum of engagement times for trials
Target 2 throtgh 18
Engagement

FCDH Computerized Sum of engagement hits for 1OX, LASE
Target and FIRE for trials 2 through 18
Engagements

FCTT Computerized .. Average time-on-target across 3
Tracking trials

FCTE Computerized . Average root mean square (R.MS) error
Tracking across 3 trials

FCPEC Ml Computer . Total number of correct enter/check
Panel data (ECD) trials

FCPET Ml Computer Average time on ECD trials
Panel

FCPCC I Computer . Total number of correct computer
Panel self-test (CST) trials

FCPCT Ml Computer . Average time on computer self-test
Panel (CST) trials

FTET Target . Sum of the engageweiit times for
Engagement trials during which hits occurred

Target . Total number of hits divided by the
Engagement total number of engagements fired

FTR Tracking . Sum of hits (trials 3-12) added to
the sum of the distance (trials
3-12)

FCD Compute rized . Sum of hits for lOX, LASE and FIRE
Target (trials 2-18) minus the sum of
Engagement engagement times (trials 2-18)

FCT Computerized . Average time-on-target minus average
Tracking root mean square (PMS) error

FCi'E M1 Computer . Total correct enter/check data (ECD)
Panel trials minus average ECD time

FCPC Ml Computer . Total correct computer self-test
Panel (CST) tria.ls minus average CST tiLie

FTE Target . Total number of hits divided by the
Engagement total number of engagements fired

minus the sum of engagement times
where hits occurred
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